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We study the effects of motion for an Unruh-DeWitt detector, modeled as a two-level system,
on the amount of coherence extracted, when it interacts with a massless scalar coherent field in
1+1 Minkowski spacetime. We observe that compared to a detector at rest, for certain values of
the initial energy of the field and the interaction duration, the amount is larger for both a detector
moving with a constant speed or uniform acceleration. This “swelling” of coherence, which becomes
more intense for increasing values of velocity or acceleration, is mostly observed for short durations,
when the energy of the field is larger compared to that of the detector, and for longer durations but
smaller field energies. As a consequence, the rate at which coherence is lost, is sometimes slower for
a moving detector than for a detector at rest.
I. INTRODUCTION
Quantum information science is arguably one of the
biggest advances of the 21st century. Although very early
on in its development it centered mostly around the prop-
erties and applications of entangled systems [1], recent
years has seen a shift in focus towards systems containing
quantum coherence. This latter property most famously
embodied in the notion of a cat both dead and alive in-
side a box and which according to Feynman “lies at the
very heart of quantum mechanics”, is a measurable quan-
tity and constitutes a useful resource [2–4], which plays
a crucial role in a broad range of applications, such as
metrology [5], biology [6] and thermodynamics [7–12] to
name but a few. On a more fundamental level, it can
be shown that coherence and entanglement are actually
very closely related, since under certain conditions it is
possible to convert one to another [13–15].
In this article, we are concerned with the question of
extracting coherence onto a quantum system with the
help of a quantum field in 1+1 Minkowski spacetime.
Motivated by analogous research in the context of entan-
glement harvesting, i.e., the process of extracting corre-
lations from the quantum vacuum [16–21], we study the
amount of coherence present in an Unruh-DeWitt detec-
tor, modeled as a two-level system, after it interacts with
a massless scalar field in a coherent state. Note that even
though the general form of the final state of the detec-
tor in this case has already been determined in previous
research [22, 23] it nonetheless falls short of any quali-
tative or quantitative investigations of its coherence and
only focuses on the eigenvalues of the detector’s density
matrix which is independent of the initial choice of co-
herent field state.
By choosing a Gaussian coherent amplitude distribu-
tion for the field as well as a Gaussian switching function
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for the interaction, it will be shown that the coherence
extracted depends both on the initial energy of the field
as well as the interaction duration. By comparing this
amount for a detector at rest versus one moving with a
constant speed or a uniform acceleration, we observe that
for certain choices of the above parameters it is possible in
the latter cases to extract a larger amount of coherence,
an effect that we call the swelling of quantum coherence.
As a consequence, for certain values of the initial energy
of the field, the rate at which coherence is lost, is some-
times slower if the detector is moving. Thus, this effect
could be harnessed as a way of controlling environment
induced decoherence.
Due to the fact that the energy of the combined sys-
tem of the detector plus the field is no longer conserved
throughout the process, the existence of coherence in the
detector is due not only on the coherence present in the
field but also on an incoherent evolution induced by the
interaction [24, 25]. From a resource theoretic point of
view then, the process of coherence extraction resembles
less that of entanglement harvesting and more that of
assisted distillation of quantum coherence [26–28].
II. THE MODEL
We consider an Unruh-DeWitt detector [29, 30] inter-
acting with a massless scalar quantum field and moving
along a trajectory xµ(τ) = (t(τ), x(τ)) in 1+1 Minkowski
spacetime, with τ the proper time of the detector. The
detector is modeled as a two-level system (qubit) with
frequency Ω. In order to simplify expressions and avoid
complications associated with the non-inertial movement
of a finite size detector [31–33], we assume it to be point-
like. Throughout, we employ natural units ~ = c = 1.
The interaction between the detector and the field is
given by the Unruh-DeWitt Hamiltonian, which in the
interaction picture is written as
Hˆint(τ) = gχ(τ)µˆ(τ)φˆ(x
µ(τ)), (1)
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2where g is a small dimensionless coupling constant, and
χ(τ) is a non-negative, real valued switching function,
which specifies how the interaction between the detec-
tor’s monopole moment operator µˆ(τ) and the field pulled
back to the detector’s worldline, φˆ(xµ(τ)), is switched on
and off. The detector’s monopole moment operator is ex-
pressed in terms of the ladder operators σˆ± of the Pauli
algebra as
µˆ(τ) = eiΩτ σˆ+ + e
−iΩτ σˆ−, (2)
while the field along the detector’s trajectory is written
as
φˆ(xµ(τ)) =
+∞∫
−∞
dk√
4pi|k|
[
aˆke
−i(|k|t(τ)−kx(τ)) + H.c.
]
.
(3)
We now assume that the detector starts out in its
ground state and that the initial state of the field is a
coherent state |α〉, defined by
aˆk |α〉 = α(k) |α〉 , (4)
where α(k) is a coherent amplitude distribution [34]. Em-
ploying time dependent perturbation theory, the final
state of the detector to second order in the coupling con-
stant is equal to [22]
ρ =
(
1− ρvac − |ρcoh|2 ρcoh
ρ∗coh ρvac + |ρcoh|2
)
+O(g3), (5)
where ρvac are vacuum terms, which are independent of
the coherent amplitude of the field and
ρcoh =−ig
+∞∫
−∞
dτχ(τ)eiΩτ
+∞∫
−∞
dk√
4pi|k|
[
α(k)e−i(|k|t(τ)−kx(τ))
+ α∗(k)ei(|k|t(τ)−kx(τ))
]
. (6)
A suitable measure, C, of the amount of coherence
present in Eq. (5) is given by the sum of the modulus
of its off diagonal elements, known as the `1-norm of
coherence [4]
C = 2|ρcoh|+O(g3). (7)
From Eqs. (6) and (7) it can be seen that a necessary
condition for the presence of coherence in the detector is
that the field start out in a coherent state other than the
vacuum. Nonetheless, as has already been mentioned,
the source of this coherence can no longer traced back to
the field alone, but part of it has been created during the
interaction. The reason for this is that by construction
the Hamiltonian does not conserve the energy of the com-
bined system of detector plus field. A rough analog would
be the creation of an equally superposed state when the
Hadamard gate acts on either of the computational basis.
FIG. 1. Amount of coherence extracted scaled by the coupling
constant, C0/g, as a function of E/Ω and ΩT for a detector
at rest. When the energy of the field is of the same order as
that of the qubit then coherence decreases more slowly.
III. EXTRACTION AND SWELLING OF
QUANTUM COHERENCE
Suppose we choose the following forms for the switch-
ing and amplitude functions
χ(τ) =
e−
τ2
2T2√
2piT 2
, (8)
a(k) =
e−
k2
2E2√
E
, (9)
where T is the duration of the interaction and E is the
initial energy of the field.
We now consider the following states of motion for the
detector: i) at rest, ii) with constant speed and iii) with
uniform acceleration, and study their influence on the
amount of coherence extracted.
A. Detector at rest
The spacetime trajectory for a detector at rest at the
origin is given by the following coordinates
t(τ) = τ, x(τ) = 0. (10)
Integrating Eq. (6), first with respect to τ and then
with respect to k, we find that the amount of coherence
extracted is given by
C0(E¯, T¯ ) =
g
√
4piE¯T¯ 2
1 + E¯2T¯ 2
e
− T¯22
(
1− E¯2T¯2
2(1+E¯2T¯2)
)
I− 14
[
E¯2T¯ 4
4(1 + E¯2T¯ 2)
]
,
(11)
3(a) υ = 0.5 (b) υ = 0.7 (c) υ = 0.8 (d) υ = 0.99
(e) υ = 0.5 (f) υ = 0.7 (g) υ = 0.8 (h) υ = 0.99
FIG. 2. (Upper) amount of coherence extracted scaled by the coupling constant, Cυ/g, as a function of E/Ω and ΩT for a
detector with a constant speed υ. (Lower) difference between moving and static case, Cυ−C0. For every value of the detector’s
speed, there appear “swelling” regions, in which a moving detector has more coherence than a static one, that are centered
around short interaction duration T . 1/Ω when E > Ω and longer interaction times T & 1/Ω when E < Ω.
where Iν(z) with ν ∈ R is the modified Bessel function
of the first kind [35] and we have also introduced the
following reduced quantities E¯ = E/Ω and T¯ = ΩT .
In Fig. 1, we present the amount of coherence scaled
by the coupling constant, C0/g, for different values of
E¯ and T¯ . As one would expect, due to environment
induced decoherence, this amount is generally larger for
short durations of the interaction, T . 1/Ω. For a fixed
value of the field’s initial energy, the amount extracted
monotonically decreases, from an initial value of C0/g ≈
4.86. We observe that when the energy of the field is of
the same order as that of the qubit, E ≈ Ω, then it is
possible to maintain coherence for a considerably longer
time.
B. Detector with constant speed
Let us now consider a detector following an inertial
worldline [36]
t(τ) = γτ, x(τ) = γυτ, (12)
where υ is the detector’s velocity and γ = 1/
√
1− υ2 is
the Lorentz factor.
By a simple change of coordinates for k in Eq. (6) it
can be seen that this case is equivalent to the one for
a detector at rest, interacting with a coherent field |a′〉,
with a coherent amplitude equal to an equally weighted
convex combination of Eq. (9)
a′(k) =
1
2
e− k
2
2E2−√
E−
+
e
− k2
2E2
+√
E+
 , (13)
with Doppler shifted energies E± = Eγ(1 ± υ) [37] and
initial energy equal to
Eυ =
E
2
(
γ +
1− υ2
1 + υ2
)
. (14)
In a similar way the coherence extracted is given by the
convex combination of the Doppler shifted versions of Eq.
(11), namely
Cυ(E¯, T¯ )=
1
2
[
C0
(
E¯
√
1− υ
1 + υ
, T¯
)
+ C0
(
E¯
√
1 + υ
1− υ , T¯
)]
.
(15)
In Fig. 2 (a)-(d), we plot Eq. (15) as a function of
E¯ and T¯ for different values of the detector’s velocity.
We observe that compared to the detector at rest there
are certain regions of the parameter space in which the
amount of coherence extracted “swells” up from it’s sta-
tionary value. This fact is evident in the positive regions
that appear in Fig 2 (e)-(h), where we plot the differ-
ence, Cυ − C0, between the two cases. For increasing
values of the detector’s speed, this phenomenon becomes
increasingly pronounced in the region of short interaction
duration, T . 1/Ω, when the energy of the field is larger
than that of the detector, E > Ω, and the region of long
4(a) a/Ω = 0.5 (b) a/Ω = 1 (c) a/Ω = 2 (d) a/Ω = 5
(e) a/Ω = 0.5 (f) a/Ω = 1 (g) a/Ω = 2 (h) a/Ω = 5
FIG. 3. (Upper) amount of coherence extracted scaled by the coupling constant, Ca/g, as a function of E/Ω and ΩT for a
detector with a uniform acceleration a. (Lower) difference between moving and static case, Cυ − C0. For every value of the
detector’s acceleration, there appear only two “swelling” regions in which a moving detector has more coherence than a static
one. One for short interaction duration T . 1/Ω when E > Ω and another one for longer interaction duration T & 1/Ω when
E < Ω.
interaction duration, T & 1/Ω, for smaller field energies
E < Ω.
C. Uniformly accelerated detector
We consider the case of a linearly, uniformly acceler-
ated detector following the worldline
t(τ) = a−1 sinh(aτ), x(τ) = a−1(cosh(aτ)− 1), (16)
where a is the detector’s proper acceleration [36]. In this
case, even though the integration with respect to k can
be carried out fairly easily, no closed expression could be
found for the integration with respect to the detector’s
proper time. For this reason, the amount of coherence
extracted to a uniformly accelerated detector, Ca, cannot
be obtained analytically.
In Fig. 3, we numerically evaluate Ca scaled to the
coupling constant as a function of E/Ω and ΩT for dif-
ferent values of the detector’s acceleration a/Ω. Similarly
to a moving detector with constant speed, swelling of co-
herence is once again present, and becomes more intense
with increasing acceleration. However, in this case the
only regions that swelling is observed are those of short
and long interaction durations, i.e., T . 1/Ω for E > Ω
and T & 1/Ω for E < Ω respectively.
IV. DISCUSSION
By studying the amount of coherence extracted onto an
Unruh-DeWitt detector, which interacts with a massless
scalar coherent field, we demonstrated that, to second
order in the coupling constant, this amount depends on
the initial energy of the field, the duration of the interac-
tion and the state of motion of the detector. As a matter
of fact, we have shown that, in the region of short dura-
tions, T . 1/Ω, and large initial field energies, E > Ω,
as well as the complementary region of longer durations,
T & 1/Ω and small energies, E < Ω, the amount ex-
tracted is larger for increasing values of the detector’s
speed and acceleration.
The existence or not of swelling, will drastically affect
the rate at which coherence is lost. Even though in all
three cases, for a fixed value of the initial energy of the
field, coherence monotonically decreases with respect to
the duration of the interaction between detector and field,
it is the case that when swelling is present, coherence is
lost less rapidly for a moving detector than when it is
at rest (see Fig. 4). This effect could be exploited as a
natural mechanism for the preservation of the detector’s
coherence against the environment induced decoherence.
In preliminary studies, we have observed that the
amount of coherence extracted to a detector at rest de-
creases in 3+1 Minkowski spacetime. In future work [38],
we will present how swelling is affected in this, and also
more realistic scenarios, such as a detector with a finite
size and different types of interaction between detector
5(a) E = 0.25Ω (b) E = Ω
FIG. 4. Comparison of the amount of extracted coherence scaled by the coupling constant, g, between a detector at rest, a
moving detector with velocity υ = 0.8, and a uniformly accelerated one with acceleration a/Ω = 2. Depending on the initial
energy of the field, the decoherence rate is sometimes smaller for a moving detector than a detector at rest.
and field.
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